Abstract
Resumen
Este trabajo utiliza una metodología firma-específica desarrollada por Brummund (2012) 
I. INTRODUCTION
If firms have monopsonistic power in the labor market they would set wages such that workers would be paid below their marginal contribution to output in real terms. Following Pigou (1924) , the standard empirical measure of monopsony in the labor market is the difference between a worker's marginal revenue product MRPL and the wage W, relative to the wage. Pigou's measure of labor market power is then defined as E MRPL W W = − . The inverse of this measure is the elasticity of the labor supply curve facing the firm. Evidence of monopsonistic behavior generally means that fewer workers are employed and at lower wages than would be if firms were operating in a more competitive labor market. In this context, a minimum wage policy could have a positive effect on both employment and wages. In modern labor market theories, the existence of search frictions leads to firms' monopsonistic power in wage setting even in otherwise competitive labor markets. The fact that looking for a job is costly in terms of time and effort implies that workers would find it worth to accept wages below their marginal product instead of continuing searching for better job offers. This paper follows closely a method developed by Brummund (2012) to quantitatively estimate the level of labor market power among Chilean manufacturing firms and its determinants, i.e., whether firms' labor market power is more attributable to traits specific to the firm or rather to traits specific to the labor market in which they participate. The paper uses plant level data from the National Survey of Manufacturing (Encuesta Nacional Industrial Anual, ENIA) for the period 2001 -2006 . Brummund (2012 develops a method for measuring market power that yields firm-year specific measurements. By using a panel of manufacturing establishments in Indonesia, he calculates the marginal revenue product of firms directly by evaluating the derivative of the firm's production function at their observed level of inputs. He then compares the marginal revenue product of labor to the wage each firm pays its workers in order to construct Pigou's measure of monopsonistic behavior. The paper finds that over half of the manufacturing establishments in Indonesia have a significant amount of market power. The median level of the measure E of monopsonistic behavior found is 1.67. Additionally, it is found that individual firm characteristics explain more of the variation in monopsonistic behavior than do the characteristics of the labor market in which the firm participates. This direct approach for measuring monopsony has been used before however. Boal and Ransom (1997) spell out much of the theory behind the direct measurement of wage and marginal revenue product in their work although they make the observation that this technique does not identify the sources of monopsonistic power. Scully (1974) is arguably the first work to conduct empirical research in testing for monopsony. This work estimated the marginal revenue product of individual professional baseball players and directly comparing that to their wages. Until 1976, the "reserve clause" in player contracts bound each player to a single team. As a result of this collusion, teams did not compete for players. In the study, Scully separates the players by position (pitchers and catchers) and skill level (mediocre, average, and stars) and finds that players were paid less than half of the value of their contribution to output. This paper follows Brummund (2012) in obtaining plant specific measures of labor market power by year from Cobb-Douglas production function estimates. After estimating this plant-year "mark-down" on wages, we provide evidence that this is indeed consistent with the traditional definition of monopsony -that firms in highly concentrated labor markets have more market power than firms in less concentrated markets. Additionally, we test whether firms with a higher share of blue-collar workers have higher levels of market power. We find that nearly a quarter of the firms in the Chilean manufacturing sector present a significant amount of labor market power. Regarding blue-collar workers, the average level of labor market power (the E measure) is 1.60, which translates to a labor supply elasticity to the firm of 0.62, for white-collar workers the estimates of labor market power are even greater. The estimated median levels of labor market power for both types of labor are 0.21 and 0.59. These values are quite low compared with what Brummund (2012) found for Indonesia. Finally, we use the distribution of labor market power across firms to show that individual firm characteristics are more important in explaining a firm's market power than is the labor market the firm participates in.
The paper highlights the complexities in setting an appropriate minimum wage policy. If firms behave monopsonistically, they will hire fewer workers at lower wages, both outcomes negatively impacting the welfare of workers. In this context, a minimum wage could increase efficiency by both raising workers wages and increasing the number of people employed. However, if firms in the same labor market have different levels of market power and if that behavior is more a product of firm-specific characteristics, then a market wide minimum wage policy will have mixed results, changing the overall cost-benefit analysis.
This paper is structured as follows. The next section reviews the empirical methods and Section 3 describes the data set. Section 4 presents the results, and Section 5 concludes.
METHODOLOGY

Measure of labor market power
Evidence of monopsonistic behavior is one example of imperfect competition. The concept of a non-competitive labor market was brought into focus by Joan Robinson (1933) who is credited with the notion that firms may have some market power over their workers. According to classical economic theory, a firm should pay workers their marginal revenue product. This paper takes a direct approach at testing for monopsony by measuring the marginal revenue product of labor for manufacturing establishments and comparing it with the wages of each firm. The difference between these two values is the surplus generated by the labor employed at that firm.
A profit maximizing monopsonist will set wages where:
(marginal cost of labor). In the competitive framework, firms hire up to the point where R' (L) = W. The difference between this condition and the classic competitive treatment is that the wage is a function of labor, and not constant. Pigou's measure of monopsonistic behavior is thus given by:
The inverse of this measure is the elasticity of the labor supply curve facing the firm,
L) L > 0 and Pigou's measure is thus strictly positive. If firms behave competitively, E = 0 and the labor supply elasticity facing the firm would be infinity.
Since we have information on the real wages, the key step in generating this measure of market power E is to develop a credible estimate for the marginal revenue product of labor (MRPL). Brummund (2012) estimates a firm's production function and then evaluates the derivative of the production function at each firms' current levels of revenue and employment to get a firm-year specific measure of MRPL. In this paper we estimate Cobb-Douglas production functions by groups of manufacturing industries following the Levinsohn and Petrin (2003) technique to control for the correlation between unobservable productivity shocks and input levels. The production function estimates considered as inputs blue and white collar labor, intermediate inputs, electricity consumption and capital.
We then proceed to estimate the production function separately per two-digit industry code. The reasoning behind having more than one parameter is to weaken the assumption that all firms in the estimation sample share the same technology. Thus, this two-digit classification was done by using the ISIC (International Standard Industry Classification) codes for economic activity. The industries under consideration include 9 subcategories (codes 31 -39) within manufacturing. With these industry specific estimates for the parameters of the production function, we can obtain estimates of firm-year specific measures for the marginal revenue product of each firm for both blue and white collar labor. In the Cobb-Douglas case this is done by multiplying the estimated coefficient for each industry per type of labor (blue and white-collar) by the average worker productivity by firm-year.
Pigou's measure of firm-year market power E can then be calculated for blue and white-collar workers by subtracting the total wages from the marginal revenue product of labor and then dividing by the total wages.
Measure of labor market power and monopsony
Following Brummund's lead, we will perform a few tests to see if the distribution of values of E is consistent with a view of monopsony. At the firm level, we first test whether firms with higher shares of employment in the local labor market have higher levels of market power. A higher share of total employment for an individual firm should be positively correlated with market power. Each firm's employment share is the ratio of their employment to the total level of employment in their labor market (at the regional level). In this first test we regress the firm market share variable on our dependent variable, Pigou's E. The basic idea in running these regressions is to see which (if any) of the variables correlate with this evidence for monopsonistic behavior. We then run a second regression, again using the firm market share alongside several other variables. This includes a measure of annual unemployment for each of Chile's thirteen regions, a measure which controls for new firms post 2001, a measure for firms that have any percentage of foreign ownership, and a measure of product market concentration based on the Herfindahl-Hirschman Index. This second test gives us a better idea of the quality of our firm market share results.
At the market level we then test whether firms in highly concentrated labor markets (where workers have few employment options) have more market power than firms in less concentrated markets (where there are various alternative employers available). The number of alternative options (for work) is formalized in measures of concentration of the labor market. A necessary condition for monopsony is that measures of labor market concentration are positively correlated with the estimated firm-level market power E. For this third test (and following Brummund's lead), the measure of high and low labor market concentration used in the regressions is the share of employment of blue workers for the eight largest firms in that region that year. In a final test, we regress the estimated measure of E on the aforementioned measure of labor market concentration and controls for regional unemployment, new firms, foreign ownership, and product market concentration.
Aggregate and firm-specific variation in labor market power
In this section of the analysis, we investigate whether the market power found is more attributable to either specific firm characteristics or the labor market in which the firm participates. Results suggesting evidence of the first would confirm traditional theories of monopsony, that the labor market influences the market power of the firms in the market. Results suggesting evidence of the second would support the new theories of monopsony, that firms within the same labor market can have different levels of market power.
Thus, by using the measures of market power for each firm-year observation, Brummund (2012) is able to separate the within-labor market variation from the between labor market variation in market power. This is done by obtaining partial correlation coefficients for different sets of independent variables. The partial correlation coefficient for an independent variable, X, captures how much of the overall variation in the dependent variable can be explained by X. To calculate the partial correlation coefficient for a variable or set of variables, X, we first find the R 2 from the model with all of the controls and the R X 2 from the model with variable X excluded. Then the partial correlation coefficient is formulated as:
If the partial correlation coefficient for the labor market controls is larger than the value for that of the firm controls, than the labor market determines more of the variation in market power than do the individual firm characteristics (or vice versa).
To control for labor market variation, Brummund (2012) uses a measure of high and low labor market concentrations (which are calculated by the share of employment of blue-collar workers for the eight largest firms in each region by year), as well as the annual regional unemployment rate. The concentration ratio varies over time and would capture the traditional view of how labor markets influence market power. As local unemployment increases, firms in that labor market should be able to pay lower wages as there are more workers available for any given job. We will also include labor market fixed effects to control for unobserved differences in the labor markets constant over time.
To control for firm-level characteristics that may impact market power, we include controls for new firms, foreign ownership, output growth, firm size, and product market concentration (based on the HHI index). Firm age could lead to more market power as workers prefer to work for more stable employers. It is also possible that Chilean workers might prefer to work for younger, more dynamic firms in which there is more room for upward mobility. Thus, the sign on firm age could go either way. The correlation of foreign ownership and labor market power could also go either way. Foreign owned firms might be expected to have less labor market power as they are unfamiliar with the local customs and practices, but that would just increase their recruiting costs, and not influence their market power. On the other hand, if workers prefer to work for foreign firms, then these firms would have increased market power. This might be due to foreign firms having greater stability, increased domestic and international recognition, as well as possibly better working conditions. Firm size may also affect product market power, and we use a measure of capital to proxy for firm size. Furthermore, firms with product market power may have a more secure future which is more attractive to potential workers. In this specification, firm level fixed effects control for any time-invariant firm characteristics that influence market power. These could be working conditions that differ across firms, but are not captured in the total labor costs used to construct the E measure of market power.
Summarizing, we will regress the individual firm-year measurements of market power on various firm and market characteristics to see which factors influence market power more. Using the log of Pigou's measure of market power, e E ln , ijt ijt ( ) = for firm i in region j at year t, as the dependent variable, we will estimate the following specification,
X it is a set of time-varying firm characteristics (foreign owned, firm age, output growth, and firm size), while Y jt is a set of time-varying labor market characteristics (local unemployment and labor market concentration). γ j is a set of labor market fixed effects while i υ is a set of firm-fixed effects. The model also includes industry and year dummies (to control for any factors that are constant across all firms in the same year or industry) as well as the number of production employees in each firm (all the models are weighted by the number of production employees in each firm).
DATA
The data used in this analysis comes from the Economic Commission for Latin America and the Caribbean (CEPAL), as well as the Chilean National Statistical Institute (INE) whom provided the unemployment statistics. It is a census of all the manufacturing establishments in Chile. Firms are required to fill out the survey each year, and the dataset covers the years [2001] [2002] [2003] [2004] [2005] [2006] . This is the most complete dataset available of ENIA at the time of writing this paper that has detailed information on different types of labor at the plant level. Each observation is a firm-year. The dataset includes 30,826 observations for 7,711 firms over 98 different industries at the three-digit ISIC levels. The data covers firms that have at least one and at most 5,020 employees. Table 1 presents a detailed breakdown of employment and wages by position. The idea to label the workers as strictly blue or white-collar came as a result of the wage analysis by position. Based on the titles and wages of each position, owners, directors and specialized workers were considered white-collar workers and workers in the remaining categories were labeled blue-collar. As noted in Table 1 Table 2 presents the results of estimating a Cobb-Douglas production function using the Levinsohn and Petrin (2003) method. The estimated parameters of the production function are presented for the nine industries within the manufacturing sector. With the estimated coefficients for blue and white-collar labor there were obtained estimates of the measure of labor market power for both types of labor.
RESULTS
Measure of labor market power
There were performed a few data cleaning procedures that were relevant to the data at hand. In reviewing the values of market power E found, any value of E > 100 was replaced with a missing value. This concerned a small percentage of observations (66 values of E for blue-collar and 48 white values of E for white-collar) and tend to coincide with an unrealistic employee salary or firm income. Additionally, there is a significant increase in the value of E when the salaries are uncharacteristically low for white-collar employment (below $ 5,000 USD/year or $ 230,416 pesos/ month). Likewise, there is also a jump in the values of E when the salaries for blue-collar employment fall below the minimum wage limits set during the year in question (any salary below approximately $ 2,500 USD/year or $ 115,208 pesos/ month). In order to remedy these invalid values (or possible outliers), any value of E > 50 alongside any white-collar salary below $ 5,000 USD/year was replaced with a missing value. The same was done for any value of E > 50 alongside any blue-collar salary below $ 2,500 USD/year. Table 3 presents the results for Pigou's measure of market power. The top two lines of the table show the results for blue-collar workers and the bottom two for the white-collar workers. Column (2) shows the mean of market power, weighted by the number of employees in each firm. Column (3) shows the median of the distribution, and then columns (4) to (6) display the percentage of observations that lie in three ranges of values of E used by Brummund (2012) . Column (4) reports the percentage of firms with measures of Pigou's E below 0.33, which can be considered firms with little to no market power. A value of 0.33, for example, indicates that the workers' marginal revenue product of labor is only 33% above their wage. Ideally, a competitive firm would pay wages equal to the MRPL, and thus E would be equal to a value of zero. Column (5) shows the percentage of firms with measures of Pigou's E between 0.33 and 2, which suggests that they have some market power. For example, a value of E = 2 indicates that an employee's MRPL is three times higher than their wage. The final column (6) shows the percentage of firms with significant market power (E > 2). As can be seen in Table 3 , almost half of the firms have market power, though there is significant variation across firms. The main results are presented in the first row, and show that the median firm for blue-collar labor has a value of Pigou's E equal to 0.2125 which is equivalent to labor supply elasticity to the firm of 4.71. The median firm for white-collar labor has a value of 0.5949 which is equivalent to labor supply elasticity to the firm of 1.68. The average values of E for white and blue collar labor are E = 2.36 and E = 1.61, respectively. Figure 1 displays the kernel density estimate of Pigou's E for blue and white-collar labor. It is possible to see how the density spread of the blue-collar labor is a bit more concentrated at the lower end of range for Pigou's E.
The categories regarding blue-collar labor in Table 3 show that 51% of the firms have little to no market power, whereas 26% have some market power, and about 24% have a lot of market power. The categories regarding white-collar labor show that 38% of the firms have little to no market power, whereas 23% have some market power, and about 40% have a lot of market power. These category breakdowns are quite similar to Brummund's results for firms in Indonesia, although the mean and median values of E in this study are lower (Brummund's median and average value of E for production workers were 1.67 and 5.22, respectively).
Also in line with Brummund's results, comparing the top and bottom panels shows that there are more firms with a lot of market power over white-collar workers than firms with market power over blue-collar workers. Brummund (2012) suggests that white-collar workers may be less mobile and not as able to find alternative jobs, while the blue-collar workers are more mobile, more generic. White-collar jobs might require more firm specific human capital, which prevents this type of workers from having a lot of alternative jobs they could switch to. Table 4 reports the results of two tests regarding whether the estimated measure of market power is consistent with the traditional understanding of monopsony. We consider for the analysis only the measure of labor market power for blue-collar workers since they account for most of employment among the plants in the sample. The first two columns check if firms that employ a higher share of labor in their local labor market (region) have more market power. The last two columns check whether firms in more concentrated labor markets have more market power. We use the natural log of the measure of market power as the dependent variable, and since some of the firms have values of market power below zero, we add a value of one to each observation prior to taking the natural log. The first column in Table 4 shows the results of a random effects regression using the firm's labor market share as the primary control variable, and also year, industry, and region dummies. The coefficient is positive and significant, as the traditional view of monopsony predicts. Thus, according to these results, the higher the labor market share of the firm (if a firm has a higher share of the total employment within the region), then the higher the measure of Pigou's E. The second column includes other controls that could influence how much market power a firm has. The coefficient on the firm's market share remains positive and significant. The levels of local unemployment rates appear to have no impact on the measure of market power. In line with Brummund (2012) , the coefficient for new-firms is positive and statistical significant, suggesting that new firms hiring new workers have labor market power. Foreign ownership also has a positive and significant impact on labor market power.
Measure of labor market power and monopsony
As Brummund (2012) mentions, product market power is not mechanically linked to the measure of labor market power used here. However, workers may prefer to work for monopolistic firms as they may have a more secure future. According to the results of Table 4 this is indeed the case. Only the product market concentration dummy for the high end of the variable is significant (the low end is nearly significant as well), but both have the expected sign (low is negative and high is positive). In greater detail, this means that a large share of non-monopolistic firms (small firms with insignificant shares of market power) within a region would contribute to a smaller measure of Pigou's E. Additionally, the coefficient for product market concentration -high, would seem to say that a large share of monopolistic firms (large firms with significant shares of market power) within a region would contribute to a larger measure of Pigou's E. These results are essentially in line with what theory would predict.
The last two columns check whether labor market power is positively correlated with labor market concentration. Following Brummund (2012), we define low and high as the firms in the lowest and highest quartiles of market concentration based on the share of employment of blue workers for the 8 largest firms in that region that year. The firms with medium levels of concentration are the omitted category. The results are inconclusive. Brummund (2012) finds instead a negative and significant coefficient for the lower quartile of labor market concentration. The coefficients for the other variables considered are unchanged with respect to the results of column (2). In summary the results of Table 4 support the claim that the obtained E measure of labor market power is consistent with monopsonistic behavior.
Aggregate and firm-specific variation in labor market power
The next step in the analysis is to investigate the contribution of firm-specific as opposed to aggregate factors to the distribution of E. We will take the individual firm-year estimates of market power (Pigou's E) and then regress those on several firm and market characteristics to see which factors influence market power more. The regression will be based only on blue-collar workers. Table 5 presents the results of these GLS models where the controls have been entered systematically to enable the calculation of partial correlation coefficients for each group of controls.
Like Brummund, we consider three regression models in which we use various sets of the fixed effects. All of the models include industry and year dummies (to control for any factors that are constant across all firms in the same year or industry, respectively), whereas the second model includes the labor market fixed effects (region), and the last model adds the firm fixed effects. The even numbered columns list the partial correlation coefficients for each group of controls.
Column (1) includes all of the time varying controls, but it does not include either the market or firm fixed effects. None of the variables regarding labor market variation are significant (this includes the labor market concentrations as well as the annual regional unemployment rate. Several of the firm-level variables however are significant. The results suggest that foreign ownership of the firm as well as one year sales growth is both significant and positive. Firm size also affects product market power as the variable for capital (which proxies for firm size) is significant and positive. Finally, both measures of product market concentration are also statistically significant and have the expected signs. The age of the firm is not significantly related to market power according to this regression result.
The overall amount of variation explained by the first regression model in the table, using the overall R 2 , is 0.0939. Less than 1% of this variation can be explained by labor market characteristics, whereas approximately 78% can be explained by firm specific characteristics. The rest of the explained variation is explained by the industry and year fixed effects. Like Brummund's results, these partial correlations show that firm specific characteristics are more important in explaining the overall amount of variation in labor market power than are labor market characteristics, but there is still much of the variation left unexplained.
The second two models introduce labor market fixed effects and then firm fixed effects. According to Brummund, "while these controls can capture unobservable characteristics of the labor market and firm that may influence labor market power; the fixed effects change the interpretation of the results and pose a difficult task for the individual controls to influence the market power of a firm labor market over time". Thus the primary importance in these results is the correlation that can be described by the various sets of controls. However, it is possible to look at the firm specific controls in the second regression model when just the labor market fixed effects are included. These controls attempt to explain the variation within a labor market across firms.
The results in column (3) are similar to those in column (1) except that the product market concentrations are no longer significant. Adding labor market fixed effects to the model actually slightly decreases the overall amount of variation explained (for both labor market and firm fixed effects).
The last model adds plant fixed effects and the results are in column (5). Following Brummund, the foreign ownership and firm age controls are dropped because they do not vary over time in combination with the year effects. The interpretation of the coefficients also changes a bit. They now explain how labor market power changes over time within a firm. With this inclusion of the firm fixed effects, the amount of variation in market power that can be explained has again decreased (it is now approximately 18%). This is the opposite of Brummund's results in that he was increasingly able to explain the variation in market power over the course of each of the regression models.
Overall, the results in Table 5 prove that there is more "within labor market variation" in labor market power than there is "between labor market variation". The results are in line with traditional theories of monopsony, that the labor market influences the market power of the firms in the market. The results also are in line with the new theories of monopsony, that there is variation in market power across firms within the same labor market. Thus, we can say that firm characteristics are more important in explaining the overall variation in labor market power. Notes: The overall R-squared in column (4) is actually the adjusted R-squared.
Method and data limitations
There are a number of limitations on the methodology used to estimate labor market power and in the data that deserve further work. First of all, the production function estimates were obtained using the Levinsohn and Petrin (2003) technique. Even though is useful to control for endogeneity problems, as pointed out by Ackerberg, (1.5).
(1.49). Notes: The coefficients include blue and white-collar labor, intermediate inputs, capital, and electricity consumption. The industries 37, 38 and 39 were included together for all regressions because of limitations in the number of observations. Robust Z statistics are reported in parenthesis. ** denotes significance at 1% level. Caves and Frazer (2006) there are multicolinearity issues in the Levinsohn-Petrin identification technique. To avoid these problems, we could have followed the GMM Blundell and Bond (2000) technique like Brummund (2012) even though there are also weak instrument concerns with that method. Table 6 reports the production function estimates using the Blundell-Bond technique. As can be seen in the table, the estimated coefficients for the labor inputs are in all cases not greater than the Levinsohn-Petrin corresponding estimations of Table 2 . This would imply higher levels of labor market power than those reported in Table 3 , all else equal. One can then interpret our results as conservative in terms of how much labor market power do Chilean manufacturing plants have.
Another aspect in which we can check for the robustness of our results is considering more flexible specifications of the production function apart from the Cobb-Douglas. Finally, our estimates of labor market power rely on average wages for blue and white collar workers but not on individual data, which would give more precision to the analysis.
CONCLUSIONS
This paper measures monopsonistic behavior in the Chilean manufacturing sector by estimating the marginal revenue product for each firm and comparing that to the wages the firm pays its workers. This was done for both blue and white-collar workers. We find that nearly a quarter of the manufacturing firms present a significant amount of labor market power. It is also shown that individual plant characteristics explain more of the variation in monopsonistic behavior than do the characteristics of the accompanying labor market.
